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It iB a vall-known fact. that the alleron-Btlok force 
can T)e Tarred "by ebanglng the netdxanleal adTtfatage ef the 
.oontroZ . B7BteiD. 9!hlB .prlnotpX.e herein applied to an 
aileron Installat.lon in whloh the Btlclc'forcea are amall 
over the low^Aefleetlo'a' rnnge and exoesalTtfly large at 
full defleotlen. If ttie «ttok foreaa at full defleotlen 
are lowered to deelralile value b 1)7. an Inoreaee in the "bal* 
anolng moment a the halacce nt lov defleotlone ie very 
orltloal and' overhalanoe Is pro'bn'ble ae a reault ef struo* 
tural IrregulRrltlee. Beduotlon of tho exoaBBlvely high 
Btlok foroea nt cfull deflection vlth a nonlinear linkage 
l.nxsrqaaeB tho atlok foroea over the Iqvtdef leotton range 
"and glvoB a mere nearly linear variation of atlok force 
vlth atlok deflection, 

Jnaamueh aa n eyatem that could ha determined math- 
ematically rather than hy trial and error waa deelrahle, 
the subject linkage vae habed on a sine oUrve , 0?he aya- 
tem Ib aho'wn Bohematlcally In figure 1 and the derivation 
of the equatlona for the ayatem la glvon in the appendix. 
T^e alleroni-Btlok motion and meohanloal advantage are 
given for equal up~and-dQvn defleetlona by the following 
^equatlonB: 
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for which the radii and anglea are Bhown In figure It In 
order to obtain any doalred mqohanLoal advantage at full 
aileron deflection, equations (l) and (s) muat "bt, aolved 
almultanaouBly • Tor convenience . it la suggested that B^ 



"be given a value pf unltjr and the values of Bi and 
found., 

She design chart (fig. 3) was constructed as a quick 
method for solving the equations. This chart gives the 
relationship of and e> vhloh represents (Bx/Bs)8 

for various values of Bg and k. She symbol k Is use4 

d6o /b, , , . 

for "JJ^B^ represents the fraction of (dStt/dSgJg 

for any aileron deflection 6^. Vhen the maximum values 
of 6a* ^s* desired value of k for full deflec» 

tlon are known, the values of B^^ and B^, as veil as 
the relationships hetveen 8^ and 8^ and hetveen ' 
dfig^/dSg and fig. can he found. The values of 6 and 
Bg can he determined from the value of 6^ for full de- 
flection and the desired value of k. Dividing -6 hy 8g 
gives the value of B,^ heoause the chart Is hased on 
Bg B 1. By use of the velues of and B3, the value 

.of dS^/dSg Is determined. Vhen the values of B,^ and', 
B^ are knovn, the values of 8g and dfig/dS^^ for partial 

aileron deflection can be found. If greater accuracy Is 
needed In determining dSg/dSg, It Is recommended that 

this value he computed from equation (z) hy use of the val- 
ues of S-i and B3 from the chart. 

By use of the alleron-stlek motion as shown In figure 
3, the stick forces were computed for a modern fighter 
airplane and were compared with the computed stick foroes 
based on a straight-line linkage (fig. 4)* She two curves 
In flguro 4 are based on tho same maximum values of 8a 

and 8g« This comparison shows that the sine differential 
decreased the maximum stick force by about 9 poundSf or 35 
percent, with only a slight Increase In tho stick forces 
for small aileron deflections. 
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sasiTATiov or iqUAVIOSS 70B seh s-tstsn . 

laual ttp-ftaafflg¥a ftllgrpn ftefiftotloa*- ^7 use of the 
aohomatlo diagram' of tho e'lne linkage (fig. l) the equa- 
tlona for aileron deflAotlon 8^ and meohanloal advantage 

d8a,/d80 were derived aa follovs; 

The oonneotlon betveen the stlek erank Bx and crank 
8» Ba 1b direct: therefore, 

■■a 

Beeause the link la long compared with Bg and B^, Ite 
angularity can be neglected. 

Ba eli^ 6 « Bg sin 8a (4) 

Oomhlnlng equations (3) and (4) gives 

.in . 1^ .m (1^ W 

therefore the value of 8^ for any value of 8g la 

..= .ln-[|j.in(|^,.)J (6) 

1 

Because the meohanloal advantage Is the slope of the 
alleron-stlok deflection ourvei differentiating equation 
(5) gives 

"a " ^ 

Pneoual ut>^and«.dewn aileron def lootioR.- It Is be- 
lieved that the variation In dSg/dBg Is also useful 
vhen the deflect leas of the allerona are not equal; there- 
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fore orank 3 was rotated through an angle ^ and the 
eq^uatlone were derl-ved In the same manner as for eq[ual 
up-and-down aileron deflect lone. She resulting equations 
are 

•a " [57 •»» i* * k «.) - It 

008 ^0 + ^ 8 a ^ 

d6ft ^ Hi \ Bfl / (g) 

d8g Ss 00s 

Simultaneous solution of eguntlotts (8) nnd (9) for the 
tvo ond limits of 8. and one of the end limits of 

dfi^ /dS^ gives the values of Bf , A^, and 
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(%/fig)Sg = e, deg 
Pigure 2,- Design chart for sine linkago* 




Figure 3.- AlloroiiT-sticlc cliaracteri sties for 
sino linlsago. 
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